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© Current switching circuit 

© A current switching circuit (10) receives an input signal having one of an upper and a lower signal level. First 
Vo) and second (70) Lsistors switch an output (115) between the upper and the lower signal level ,n response 
o tte inpTsignaL A first high resistance path (80) is selectively coupled via a gate (75 V**™** JJ 
transistor (60) and a first potential. A second high resistance path (90) is selecfvely coupled vi gate 85 
beS I second transistor (70) and a second potential. A control input (20 , « » 
to control the gates (75, 85) thereby selectively coupling the h.gh resistance paths (80 90) to the first (60) 
second (70) transistors such that they can switch the output at a first and a second switching speed. 
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FIELD OF THE INVENTION 

This invention relates to current switching circuits. 
BACKGROUND OF THE INVENTION 

A current switching circuit incorporated in a semiconductor device switches an output of the device 
between high and low states. The current switching circuit typically controls the switching of two transistors 
in a*well known push-pull configuration. 

Current switching noise (current spikes) occurring when the transistors are switched causes a problem 
within the device, especially if more than one output is being switched simultaneously, as in the case of a 
parallel multi-line data path where several lines may be switched simultaneously. 

Current switching circuits are known which slow down the transistor slew rate (voltage-time gradient), 
hence reducing the magnitude of the current spikes. However, these also effectively reduce the switching 
speed of the output. Therefore designers utilising known switching circuits have been forced to choose 
between switching circuits which are either slow or noisy. 

This invention seeks to provide a current switching circuit in which the above mentioned disadvantages 
are mitigated. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided a current switching circuit comprising an output; an 
input for receiving an input signal having one of an upper and a lower signal level; first and second current 
switching means responsive to the input signal for switching the output between first and second signal 
levels in dependence upon the input signal; a first high resistance path selectively coupled between the first 
switching means and a first potential; a second high resistance path selectively coupled between the 
second switching means and a second potential; control means coupled to the first and second current 
switching means and to the first and second high resistance paths for providing control of the selective 
coupling therebetween in response to a control signal, wherein in dependence on the control signal the 
control means selectively couples the respective high resistance paths to the respective current switching 
means such that the output is switched at at least two switching speeds depending on whether the 
respective high resistance paths are coupled to the respective current switching means. 

Preferably the current switching circuit further comprises at least one further supplementary high 
resistance path selectively coupled between each of the first and the second switching means and the first 
and second potentials, the control means controlling the selective coupling thereof such that the first and 
second current switching means switch the output at at least three switching speeds. 

The first and second current switching means are preferably composed of transistors in pull-up and 
pull-down configurations respectively. The resistance paths are preferably composed of transistors in diode 
coupled configurations. Preferably the current switching circuit is fabricated in MOS technology. 

In this way a current switching circuit is provided which operates in normal and slow modes, allowing 
both normal switching speed operation and slow switching speed operation with reduced current noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An exemplary embodiment of the invention will now be described with reference to the drawing in 
which: 

FIG.1 shows a preferred embodiment of a current switching circuit in accordance with the invention. 
FIG.2 shows an exemplary graph of the operation of the current switching circuit of FIG.1. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring to FIG.1, there is shown a current switching circuit 10. A data input terminal 15 of the circuit 
10 is coupled to receive a data signal which is arranged to be in either one of a high or low state. A control 
input terminal 20 is coupled to receive a control signal to be further explained hereafter. 

A logic arrangement 22 of the circuit 10 includes a (logical) AND gate 25 having two inputs coupled to 
the data input terminal 15 and the control input terminal 20 and an output CI. A first NOT gate 30 of the 
arrangement 22 has an input coupled to C1 and barred output C1B. Therefore the outputs C1 and C1B are 
mutually exclusive. 
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A second NOT gate 35 has an input coupled to the control input terminal 20 and an output CO. A third 
NOT gate 40 has an input coupled to the output CO and a barred output COB. In this way the outputs CO 
and COB are mutually exclusive. A NOR gate 45 has two inputs coupled to CO and C1 and an output C2 A 
fourth NOT gate 50 is coupled to the output C2 and has a barred output C2B. Therefore in a simHar way to 
the cases above the outputs C2 and C2B are mutually exclusive. 

A PMOS Transistor 60 has a control terminal and two conducting terminals. The control terminal is 
coupled via a first transmission gate 55 to the data input terminal 15. The first transmission gate 55 is 
composed of two transistors in a well known complementary configuration. The two transistors have control 
input terminals coupled to the outputs CO and COB respectively. The two conducting terminals of the PMOS 
transistor 60 are coupled to the supply voltage and to an output terminal 115 respectively. In this way 
the PMOS transistor 60 is used in a pull up configuration, to selectively couple the supply voltage v 00 to 
the output terminal 115. T . 

In a similar way an NMOS transistor 70 has a control terminal and two conducting terminals. The 
control terminal is coupled via a second transmission gate 65 to the data input terminal 15. The second 
transmission gate 65 is of the same configuration as the first transmission gate 55, again having two 
transistors with control inputs coupled to the outputs CO and COB respectively. The two conducting 
terminals of the NMOS transistor 70 are coupled to the ground Vss and to the output terminal 115 
respectively. In this way the NMOS transistor 70 is used in a pull down configuration, to selectively couple 
the ground Vss to the output terminal 115. 

The control terminal of the PMOS transistor 60 is further coupled via a third transmission gate 75 to the 
ground Vss through a transistor 80 in a diode coupled configuration. The third transmission gate 75 has 
control inputs coupled to outputs C2 and C2B. 

Similarly the control terminal of NMOS transistor 70 is coupled via a fourth transmission gate 85 to 
supply voltage V*, through a second transistor 90 in a diode coupled configuration. The fourth transmission 
gate 85 has control inputs coupled to outputs C1 and C1B. 

The control terminal of the PMOS transistor 60 is further coupled via a fifth transmission gate 95 to a 
third transistor 100 in a pull-up configuration. The fifth transmission gate 95 has control inputs coupled to 

outputs C1 and C1 B. . 

Similarly the control terminal of the NMOS transistor 70 is further coupled via a sixth transmission gate 
105 to a fourth transistor 110 in a pull-down configuration. The sixth transmission gate 105 has control 
inputs coupled to outputs C2 and C2B. # . ... . 

In operation, the data signal received by the data input terminal typically switches between the high and 
the low state. The circuit 10 is arranged to work in either slow or normal modes, depending on the value of 
the control signal at the control input terminal 20. In the first case, with the control signal in a low state, the 
circuit 10 is in normal mode. . 

The following truth table shows the values of the outputs CO. C1 and C2 as derived from the logic 

network of gates 25, 30, 35. 40, 45 and 50. 
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The first and second transmission gates 55 and 65 respectively are on permanently during this mode 
(by virtue of the output CO). Conversely, the other transmission gates are off permanently in the normal 

m ° d |n this way the control terminals of the PMOS transistor 60 and the NMOS transistor 70 are fed directly 
from the data signal, and the output terminal 115 receives a normally switched output signal (line 130 ot 
FIG 2) The output signal 130 is inverted with respect to the data signal at the data input terminal 15. 

Pull current spikes 140 and push current spikes 150 are associated with the switching of the normal 
mode, which give rise to noise on the output terminal 115 and on the Vdo and V^ lines due to parasitic 

' ndU S a tne 8 Jecond case, with the control signal set to the high state, the circuit 10 is in slow mode. The first 
and second transmission gates 55 and 65 respectively are off permanently during this mode (by virtue o 
the output CO). The remainder of the transmission gates. 75. 85. 95 and 105 are dependent on the state of 
the data signal. If the data signal is low. C1 is low (gates 85 and 95 off) and C2 is high (gates 75 and 105 
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on). If the data signal is high, C1 is high and C2 is low, with the opposite conditions for the gates 75, 85, 95 
and 105. 

Taking the condition of a data signal transition from low to high, the NMOS transistor 70 is initially off 
by virtue of transmission gate 105 which couples the control terminal of the NMOS transistor 70 to the 
transistor 110. Conversely, the PMOS transistor 60 is initially on by virtue of transmission gate 75 which 
couples the control terminal of the NMOS transistor 70 to the diode coupled configuration transistor 80. 
When the transition occurs, the output C2 becomes low and the output C1 becomes high. Therefore 
transmission gates 75 and 105 are turned off, and transmission gates 85 and 95 are turned on. 

Therefore the control terminal of the NMOS transistor 70 becomes coupled to the diode coupled 
transistor 90, which presents a very large impedance between the control terminal and V DD . At the same 
time, the control terminal of the PMOS transistor 60 becomes coupled to the transistor 100. 

Therefore the PMOS transistor 60 is turned off very quickly, while the NMOS transistor 70 is turned on 
relatively slowly. This gives rise to the shallow ramp 120 of the output signal at the output terminal 115. 
Furthermore, substantially no residual current is left in the region of the output terminal 115 to be pulled up 
by the PMOS transistor 60 because of the simultaneous conduction of the transistors 60 and 70, and 
therefore current is not wasted, as is the case in normal mode. 

For the condition of a data signal transition from high to low, a similar procedure occurs, with the NMOS 
transistor 70 being turned off very quickly and the PMOS transistor 60 being turned on relatively slowly, to 
give rise to the shallow ramp 160. 

In this way, the circuit 10 has two modes of operation, a normal mode which is fast but which gives rise 
to voltage spikes, and a slow mode which is slower than the normal mode, but which substantially prevents 
the voltage spikes of the normal mode. 

It will be appreciated that alternative embodiments to the one described above may be achieved. For 
example, by augmenting the diode configuration transistors 80 and 90 with further transistors having 
different impedances, it is possible to achieve a plurality of different slow modes, each having a different 
ramp gradient, according to the impedances. 

Furthermore, the transmission gates and the transistors may be implemented in an alternative technol- 
ogy to the MOS technology used, such as Bipolar technology. 

30 Claims 

1. A current switching circuit comprising an output; an input for receiving an input signal having one of an 
upper and a lower signal level; first and second current switching means responsive to the input signal 
fqr switching the output between first and second signal levels in dependence upon the input signal; a 

35 first high resistance path selectively coupled between the first switching means and a first potential; a 
second high resistance path selectively coupled between the second switching means and a second 
potential; control means coupled to the first and second current switching means and to the first and 
second high resistance paths for providing control of the selective coupling therebetween in response 
to a control signal, wherein in dependence on the control signal the control means selectively couples 

40 the respective high resistance paths to the respective current switching means such that the output is 
switched at at least two switching speeds depending on whether the respective high resistance paths 
are coupled to the respective current switching means. 

2. The current switching circuit of claim 1 wherein the current switching circuit further comprises at least 
45 one further supplementary high resistance path selectively coupled between each of the first and the 

second switching means and the first and second potentials, the control means controlling the selective 
coupling thereof such that the first and second current switching means switch the output at at least 
three switching speeds. 

50 3. The current switching circuit of claim 1 or claim 2 wherein the first and second current switching means 
are composed of transistors in pull-up and pull-down configurations respectively. 

4. The current switching circuit of any preceding claim wherein the resistance paths are composed of 
transistors in diode coupled configurations. 

55 

5. The current switching circuit of any preceding claim, when fabricated in MOS technology. 
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